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ABSTRACT 
Estimating and planning based on estimates have a great importance in 
systems development since the credibility of both client and developer 
is directly proportional to how well estimates and plans are met. 
Historically, estimating the effort to desig:1 and develop information 
systems projects has been a difficult task because predictions must be 
made in a rapidly changing environment. All project plans deal with 
future activities; that implies estimation. 
This thesis deals with the development of the portion of a "knowledge 
system" to assist the MIS project manager in formulating meaningful, 
high-level estimates for information systems projects early in the 
development life cycle. Tile primary benefit of such a system is to 
have a knowledge base of project planning and estimating 
considerations available for use by all MIS project managers. 
The knowledge base that has been developed is a continuation and 
enhancement of the prototype, PROCON (release 1.0). The upgraded 
knowledge base consists of heuristics ent?iling project type 
assessment, application development strategies, project risk and 
project estimating. The process and procedures of enhancing, 
restructuring and·e-refining the knowledge base is documented through 
1 
' \ 
... 
I 
.. 
- -· I 
I 
actual use by the MIS organization's Project Planning and Control 
(PPC) Group during consultation sessions with project managers. 
-
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I. Introduction to PROCON 
Tile foundation for a successful software development project is a 
well-conceived project plan which establishes the overall framework 
for effective project management. All aspects of the system 
development process must be addressed in a top-down manner to ensure 
that a global view of the total development effort is taken at the 
outset of the project. Two of the major functions involved with 
planning an information systems development project are the selection 
of an appropriate development strategy, and the assessment of risk 
associated with the development of the system (11). 
A knowledge-based system was developed called PROject CONsultant 
(PROCON) using a personal computer and a knowledge egineering tool 
(INSIGHT, developed by Level Five Research, Melbourne Beach, FL) 
dealing with these two planning functions. It was intended to assist 
a project manager in choosing the appropriate development approach to 
use when planning an information systems development effort, and to 
assess the risk associated with the effort. This version of the 
knowledge system (referred to by the author as PROCON 1.0) was the 
prototype of PROCON 2.0, the current release of the knowledge system. 
PROCON 2.0, in addition to·addressing the development approach and 
project risk, also addresses the estimating process, that is 
3 
undertaken by a project manager for the information systems 
development effort. Tile primary objective of the thesis research was 
the development of a project planning and estimating performance aid 
for general use by the development staff. The development of the 
estimating portion of PROCON, as well as the refinement of the 
protot~e, is documented in this thesis. 
In presenting this discussion of PROCON 2.0, the author assumes the 
reader has some familiarity with the concepts of knowledge-based 
systems, and in particular, knowledge of the development of the 
prototype PROCON 1.0, documented for fulfillment of thesis 
requirements for F.M. Lesusky and referenced by the author. 
4 
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II. Scope of Thesis 
The scope of this thesis is the refinement and enhancement of the 
knowledge-based system called PROject CONsultant (PROCON). Tile 
, \. 
primary deliverables from this project will be an enhanced version of 
PROCON (release 2.0) and User's Guide/operating instructions for use 
on IBM-compatible personal computers. 
It is important to note that although PROCON deals with the topics of 
planning and estimating for information system development efforts, 
the software and knowledge-base do not generate actual project plans 
and/or estimates. Rather, PROCON 2.0 addresses the planning and 
estimating considerations at a macro level, to aid the project manager 
in the formulation and assessment of appropriate development 
strategies based on heuristics (general "rules-of-thumb") . 
5 
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· III. Problem Statement/Needs Analysis 
In recent years, Air Products' investments in computer applications 
' 
have grown dramatically. Individual applications have-become 
increasingly complex, and often require the commitment of Corporate 
funds in excess of $100,000. As the size and complexity of 
applications have grown, so have the risks associated with the 
development of these applications. As a result, it is essential that 
MIS and user management understand the quality of development 
estimates in order to effectively evaluate investments in computer 
applications. 
Project managers are continually faced with the problem of being asked 
to provide reliable estimates early in the project development 
process. Even before the project requirements may be well-defined the 
users want to know how much the total effort will cost. In order to 
come up with a reasonably accurate estimate on which the user can base 
a business decision, the project manager relies on available project 
estimating tools/techniques, the consultation services of the PPC, and 
often personal past experience. 
Estimating should be viewed as a continuous process rather than a 
discrete "once and done" activity. The variability of the early 
project estimates is a direct result of the degree of uncertainity 
6 
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involved in developing estimates without a detailed knowledge of 
system requirements. Estimating should be done using a phase-limited 
· approach, i.e. committed estimates are based on a detailed breakdown 
of the tasks to be performed in the current phase of system 
y 
development; targeted estimates are given for the remaining phases. 
As the project progresses through the development life cycle, total 
project estimates are continually refined and become increasingly more 
accurate. 
7 
IV. Project Estimating Survey Results 
In order to verify that there was a need for clarification and 
standardization of the estimating process and to collect the heuristic 
portion of the knowledge base for project estimating, experienced 
project managers from Business Information Systems (BIS) were surveyed 
and interviewed. A questionnaire was develope~ which could be used to 
determine which project estimating tools/techniques were currently 
being used by BIS project managers, and to solicit any suggestions 
they may have for improvements in the estimating process. 
The Project Planning and Control Group supports four major tools/ 
techniques used in project estimating : SDM/70, Peer Review, Estimate 
Classification Nomenclature, and ESTIMACS. The questionnaire revealed 
that these were in fact the methods most widely used, usually in 
combination, and in some cases all methods were used for estimating 
the project. 
SDM/70 is the standard BIS system development methodology used to 
provide estimating guidelines for phase/task level project estimating 
within the system development life cycle. This technique provides for 
• 
an organized, top-down approach to identifying and defining user 
requirements prior to the development and implementation of the actual 
information system. 
8 
Peer reviews are formal structured reviews of project estimates by 
knowledgeable representatives from the development staff that · 
facilitate sharing of estimating knowledge and experience. Neither of 
these tools/techniques were viewed as being suitable for incorporation 
into the knowledge base. 
Estimate Classification Nomenclature provides a standard method for 
communicating the quality of development cost estimates to management. 
Tile nomenclature is designed to be used for both total (project) 
development cost estimates and estimates for the next phase of a 
project. It was found to be easy to use once the project manager was 
experienced in its use. Those surveyed felt it provided a consistent 
framework for communicating project estimates. On the other hand, all 
stated that there was a definite need for improvement in the 
education/understanding of Estimate Classification Nomenclature by 
both MIS and users. 'Ibis need was addressed in BIS through displays 
built into the PR090N rules that explained how the estimate classes 
are developed. Thus, the increased use of PROCON could potentially 
lead to a better understanding of Estimate Classification 
Nomenclature. 
ESTIMACS is a PC-based softwa~e package dealing with total project 
. 
estimating in the early planning stages. It consists of a series of 
2~ questions that relate high-level business specifications (i.e. 
9 
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skill levels, organizations involved, user and developer interaction 
-
for project, etc.) to algorithms that generate preliminary estimates 
for projects expected to b.f! greater than 750 work-hours (18). Some of 
the project managers surveyed found it difficult to use ESTIMACS, and 
nearly all felt that the questions asked are insufficiently specified 
and therefore subject to interpretation. They questioned the 
credibility of the estimate that is derived. Also, all surveyed ~elt 
there was a need for ESTIMACS to be fine-tuned to the Air Products 
environment to give more consistent estimates • 
It was felt that PROCON (release 2.0) had the potential to standardize 
the explanation and interpretation of the ESTIMACS questions and hence 
improve the consistency and credibility of estimates derived from its 
use. Also, through continued updating and refinement of the knowledge 
base, PROCON (release 2.0) could remain an accurate interpreter of the 
project development and estimating process for information systems 
projects for PPC personnel and promote the use of ESTIMACS • 
. 
An additional information source relied upon by those surveyed was 
historical data. Estimates could be made of current projects by 
making comparisons with prior 9evelopment efforts for existing 
, 
systems. However, most project managers expressed concern for 
potential inaccuracies of existing estimates, as well as problems 
encountered in the comparisons due to dissimiliarities in the systems 
10 
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being compared' (i.e. an accounting system versus- an enginee,;ing 
system). Also, many project managers felt there was a lack of 
credibility in the project estimation performance of some project 
managers, and therefore, in the project estimates they had derived. 
This concern can best be dealt with through the development of a 
project estimating historical database (not within the scope of this 
thesis) . 
• 
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V. Definition of Project Requirements 
Effective information system development and its control require not 
only a well-defined development methodology, project control tools, 
and competent management and staff, but also an effective organization 
structure and proper management practices to support this structure. 
The Project Planning and Control (PPC) organization has -been 
established within BIS to provide support services in all aspects of 
the system development process. The primary functions of PPC are: 
o consultation and assistance in the preparation of development 
strategies, risk assessments, and project plans; 
o the development and maintenance of the methods and procedures 
governing BIS system development and support activities; 
o the administration of the System Development Methodology (SDM); 
Through the development of policies, procedures and guidelines, the 
BIS organization has established a project management framework which 
assures that all the required elements ·can function together in a 
cohesive and unified approach. Effective project management does not 
result from the use of any one tool or technique, but through the 
12 
application of a number of methods and procedures which must be tied 
together to enable the achievement of BIS organizational objectives. 
Within the Project Management Framework, the following outline 
provides a summary of the existing (or planned) methods and procedures 
which support the basic project management functions: 
Plan and Organize: 
o Preliminary project planning meeting with Project Planning and 
Control 
o Risk Analysis 
o Decision Framework 
o Change Impact Analysis - for projects with High Structure Risk 
o ESTIMACS 
o SDM/70 Phase Checklists and Estimating Guidelines 
o Project Manager Workbench 
o Project Authorization Guidelines 
Perform: 
o SDM/70 Guidelines 
Measure and Evaluate Performance/Control: 
o Project Manager Workbench 
o PC70 
13 
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o Major Project Status Reporting 
o Earned Value Reportings 
o Function Point Analysis 
During the preliminary planning stage of any system development effort 
which requires an MIS project authorization (total project work-hours 
greater than 250), the Project Manager must arrange a meeting with the 
PPC to assess the overall requirements for MIS involvement in a given 
project. Depending on the nature of the project, it may be necessary 
, 
to include Technical Specialists, Data Resource Management, or other 
areas of MIS, either at the time of the initial meeting or in a 
separate meeting. 
Topics usually covered in the preliminary planning meeting with PPC 
include: 
o the need for a formal (or informal) Risk Analysis; 
o the use of the Decision Framework to select an appropriate 
development approach; 
o the potential need to apply Change Impact Analysis technique for 
projects with high structure risk; 
o the use of ESTIMACS to determine initial planning estimates for 
the total project; 
o the extent of SDM/70 usage based upon project characteristics, 
such as size, risk, or development approach. 
14 
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PROCON (release 2.0) provides a consistent framework for analyzing 
information related to these topics during preliminary planning 
meetings with PPC (4). 
• 
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VI. Selection of Software 
PROCON 1.0 was developed using INSIGHT 1.2, a knowledge engineering 
tool. INSIGHT is an expert system shell designed to help the 
knowledge engineer develop a knowledge-based system that will simulate 
the expert's decision process used in arriving at a conclusion for a 
given problem. 
This tool requires a bottom-up approach to develop the knowledge base. 
The knowledge engineer starts with pre-determined conclusions and 
writes INSIGHT rules to support those conclusions. INSIGHT constructs 
the knowledge base at the time of compilation and proceeds through a 
backward-chaining process at execution to arrive at the conclusions. 
INSIGHT 1.2 was chosen originally as the knowledge engineering shell 
for development of the prototype for reasons of cost, flexibility, and 
availability. The use of other knowledge system shells was considered 
initially, but in order to take advantage of the benefits gained from 
the development of the prototype, the desire to build an integrated 
knowledge base, the ease of use of INSIGHT, and the time constraints 
faced for completion of this thesis, it was decided by the development 
team to continue using INSIGHT as the development software. In any 
case, INSIGHT had been quite adequate for the prototype, and there was 
no reason to believe that it would not continue to be suitable for 
16 
this phase of development. If this proved not to be so, there was 
still the option of moving up to the more sophisticated version, 
INSIGHT 2.0 (at a slightly higher cost). 
BIS has purchased INSIGHT version 1.2 with the intention of continuing 
to expand and integrate the knowledge base to include as many 
considerations of the project development process as can be 
incorporated and allow future revisions as required. Again, INSIGHT 
version 2.0 provides a reasonable upward expansion path. 
17 • 
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VII. Description of PROCON 2.0 Knowledge System 
\ 
The prototype, PROCON (release 1.0), was originally structured such 
that the user could choose to perform either one of two functions. 
One was an assessment of the risk involved for a new development 
project or another, to determine the development approach that should 
be used. There was no link between the two functions and their rule 
sets. In other words, there were two separate entry points into the 
knowledge base through the two goal statements. 
The project estimating process involves the determination of which 
estimating tools/techniques are to be used in estimating the project 
development effort (in terms of MIS resource hours required), as well 
as determination the estimate class. Thus, two goal statements were 
added to PROCON to enable the user to reach conclusions related to 
defining high-level estimating para.meters, determining/verifying MIS 
estimate classification, and to selecting appropriate estimating 
tools/ techniques. These are also separate entry points (goals) into 
the knowledge-base whereby the user may wish to pursue either topic 
independently of the other. 
In the process of consulting with a project manager on an initial 
assessment of a new development project, the BIS PPC manager often 
determines .the development approach tpat should be taken, a risk 
18 
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assessment of the project, determines an estimate class, and may 
recommend ESTIMACS be used to construct an estimate. '11lus, the 
addition of the option to perform an initial assessment (a goal 
linking the rule sets) was deemed plausible. This addition makes 
PROCON potentially more user friendly for the less experienced project 
manager. 
There are currently five options (goal statements) the user may pursue 
during~ PROCON session: 
1.0 Initial assessment of new project can be determined 
2.0 Development approach can be determined 
3.0 Project risk can be determined 
4.0 Estimating tools/techniques can be determined 
5.0 Estimate classification can be determined 
In the goal statement, "Estimating tools/techniques can be 
determined", an intelligent front-end to ESTIMACS was built into 
PROCON. If the project size is estimated to require less than 750 MIS 
work-hours of effort, PROCON reconunends that the SDM Estimating 
Worksheet for small projects be used to develop the preliminary 
estimate for the total proje~t. Thus, this line of reasoning is 
abandoned and the goal concluded since ESTIMACS should not be used for 
small projects. If the project is estimated to require more than 750 
19 
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MIS work-hours, PROCON concludes that ESTIMACS should be used and 
\ 
pursues this line of questioning. 
Tilrough answers provided by the project manager a determination is 
made of the project type (new development or enhancement) based on the 
percentage of new functionality the project will provide to a new or 
existing information system. A new development project has been 
established by the PPC as one providing greater than 50 percent new 
functionality. After the project type has been determined the user 
falls through PROCON displays that state the exact questions that are 
asked in the ESTIMACS Development Effort Estimator module during an 
ESTIMACS session. The corresponding Development Effort Estimator 
Worksheet is provided by PPC ~n which the user enters the answers to 
the 25 questions the ESTIMACS model uses to construct the actual 
estimate. 
An enhancement project has been established as one that provides less 
than 50 percent new functionality to an existing system. Similiarly, 
the user falls through PROCON displays that state the exact questions 
that are asked in the ESTIMACS Maintenance Effort Estimator module 
during an ESTIMACS session. A Maintenance Effort Estimator Worksheet 
that corresponds to these questions is again used to aid the actual 
ESTIMACS session~ 
20 
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VIII. Background on ESTIMACS 
ESTIMACS is a PC-based software product designed to assist in the 
preparation of macro-level estimates early in the development life 
cycle for projects expected to be greater than 750 work-hours. Air 
Products uses the Development Effort Estimator module to estimate the 
construction of new systems and the Maintenance Effort Estimator 
module to estimate enhancements to an existing system. Both modules 
generate estimates for each phase in the software development life 
cycle and for the total project based on answers to 25 questions. 
Many times in the early stages of system development assumptions are 
made in order to answer the 25 questions. To test the effect of 
different assumptions, ESTIMACS can be used interactively to change 
answers to one or more questions and to generate another estimate; a 
form of "wr1at if" analysis. ESTIMACS can also be used to test the 
effect of different development approaches (i.e. Purchased Software, 
Traditional Development, Application System Generator, etc.). 
For best results, the interpretation of ESTIMACS numbers needs to be 
handled consistently. All parties involved with the estimating 
process should realize that system development projects need several 
estimates to be made at successive phases within the life cycle, that 
is, estimating computer projects is an ongoing activity throughout the 
21 
life cycle. Because estimating is a repetitive pro~ess, a more 
. 
refined estimate for a software development project is arrived at 
gradually. Using ESTIMACS consistently at each iteration will improve 
each successive estimate. 
\ 
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IX. Description of PROCON ESTIMACS Displays 
In order to standardize the explanation and interpretation of the 
ESTIMACS questions and to address the need for tuning ESTIMACS to the 
Air Products environment, displays were incorporated into PROCON to 
deal with all 25 ESTIMACS questions for both the Development Effort 
Estimator and the Enhancement (Maintenance) Effort Estimator using the 
DISPLAY facility. A typical display to appear during a PROCON session 
is as follows: 
4. TO THE DEVELOPER IS THIS APPLICATION 
COMPLETELY NEW (30) 
A LITTLE FAMILIAR (15) 
VERY FAMILIAR ( O) 
Assess the overall project team's experience level. 
0 
0 
Consider both technology and type of business application. 
If people who are knowledgeable of the application type or 
technology are available for consultation consider it A 
LITTLE FAMILIAR (15). 
o Other points within this range (0-30) may be used. 
Enter your answer and list your assumptions on the ESTIMACS 
Development Effort Estimator Worksheet. 
23 
As demonstrated in the example above, the ESTIMACS question (in 
capital letters) is first displayed exactly as the user will see it 
during an ESTIMACS session. If clarification is necessary to further 
define the ESTIMACS question a brief explanation is given. Following 
this explanation, additional clarification may be given in the form of 
a list of considerations further detailing what the question is or is 
not looking for and identifying examples where needed. In this way 
specific concerns of the Air Products BIS environment could be 
addressed directly. 
To capture the answers to these questions and all assumptions made at 
arriving at them, worksheets for each estimator were developed to 
record results accurately, and to ensure a smooth and relatively 
painless ESTIMACS session for the project manager. 
24 
• 
X. Determination of Estimate Class 
Estimate Classification Nomenclature is a tool for estimating total 
development costs by assigning a classification depending on the 
degree of documented knowledge on the application scope, requirements, 
and risk. There are four levels of classifications: Planning; Class 
l; Class 2; and Class 3 (4). The classifications span the development 
life cycle from planning estimates based upon the most preliminary 
assessment of system objectives to Class 3 estimates based upon 
detailed functional and technical system specifications. An 
explanation of each of the estimate classifications follows: 
o Planning estimates for total development costs are not formal 
estimates, and are developed prior to any formal definition of a 
project's scope. This classification is presented as a range of most 
likely costs and should only be used to determine whether the 
relatively small amount of funding should be approved to complete a 
Project Initiation Phase that would lead to a Class 1 estimate. 
Planning estimates are not developed deterministically but rather are 
based on gene~al understanding of.the application and development 
costs of similar systems. Based on prior experienced, user management 
might expect total development costs to grow 2 to 3 times the original 
estimates as scope, risk, and difficulty are better understood. 
25 
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o Class 1 estimates for total development costs are developed once 
the basic feasibility of the effort has been determined, generally in 
the Project Initiation phase of a project. Tilese estimates are 
"ballpark" estimates based upon a preliminary understanding of system 
objectives and are subject to wide variations. Air Product's 
experience has shown that variations of 100 percent or more are 
possible above the base estimate for the future costs, while 
variations of 60 percent are likely. 
o Class 2 estimates are developed when the scope of a project is 
completely defined in the System Requirements Definition phase of a 
project. ThesP estimates are based upon more detailed requirements 
specifications than Class 1 estimates, however, the final project 
deliverables (reports, screens, programs, and data requirements) are 
not yet defined to the lowest level of detail required to proceed with 
the programming effort. Air Product's experience has shown that 
variations of 60 percent or more are possible above the base estimate 
for the future costs, while variations of 30 percent are likely. 
o Class 3 estimates are developed only when detailed functional 
specifications for the project deliverables are complete and adequate 
knowledge of the technical requirements has been developed. The 
,project reserve on Class 3 estimates provides for estimate variations 
for producing a given set of deliverables. Additionally, reserve may 
26 
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be allocated for changes to the scope of the project. Reserves on 
Class 3 estimates should be at a minimum 10 percent of the estimate. 
and are usually not higher than 15 percent. Air Product's experience 
has shown that Class 3 estimates should be accurate to within 10 
percent of the stated estimate 90 percent of the time. 
' 
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XI. INSIGHT Knowledge Engineering Considerations 
A. Definition of CONFIDENCE and THRESHOLD -
When designing an INSIGHT knowledge base, certain programming elements 
are necessary, or available to the knowledge engineer, to complete the 
knowledge base (i.e. the TITLE of the knowledge base, tae goals of the 
knowledge base). One of the available elements is the CONFIDENCE 
statement. Confidence refers to the degree of confidence that a given 
conclusion is true. It is an option that can be either set ON or OFF 
by the knowledge engineer. If confidence is OFF (the default) the 
answer is determined to be either 100 percent true or O percent true 
(i.e. false). 
When confidence is ON, the user is queried to choose the degree of 
confidence that each answer is true based on the following assigned 
levels and probabilities: (12) 
Confident it is true 
Possibly true 
Not sure 
Possibly false 
Confident it is false 
- 100% 
75% 
-
-
28 
50% 
25% 
0% 
• 
The assignment of confidence to an answer. allows INSIGHT to reason 
with unsure or "fuzzy" knowledge (but it does not formally use "fuzzy 
logic"*), much like a person does in real life. 
The threshold statement is a necessary element and is used by the 
knowledge engineer to specify the lowest acce~table percentage of 
confidence necessary for INSIGHT to reach a conclusion. Thus if the 
confidence of a conclusion falls below the set THRESHOLD the line of 
questioning INSIGHT is pursuing is abandoned and the next goal is 
evaluated. 
* Constantin, Virgil, Negoita, Expert Systems and Fuz~ Systems, 
The Benjamin/Cummings Publishing Company, Inc., 1985. 
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B. Determination of PROCON 2.0 THRESHOLD -
In the prototype, PROCON (release 1.0), a THRESHOLD of 60 was 
empirically established for testing the confidence levels of the 
conclusions. With this threshold value a final conclusion would only 
be reached if PROCON had determined that the advice it gave was at 
least 60 percent certain of being true. At the time of the 
development of the prototype it .was felt that this threshold gave an 
acceptable level of confidence for consultations, but it did not 
permit the user to examine all possible conclusions regardless of the 
. 
degree of confidence assigned to each. 
Thus, in PROCON (release 2.0), one final conclusion was established 
for assessing project risk such that all five risk categories (size, 
structure, complexity, technology, and organizational impact) must be 
evaluated to conclude project risk. Also, in order to not eliminate 
any line of reasoning, the CONFIDENCE was lowered to 1 percent. 
Even though the confidence assigned to the conclusions may not make 
sense, the BIS PPC manager felt that confidence levels were at this 
point arbitrary and not yet tested sufficiently to disregard any line 
of reasoning PROCON might establish in a session. It is only through 
continued use of PROCON on actual BIS projects that a suitable 
understanding and interpretation can be made of the value to be placed 
on assigned confidence levels for conclusions. 
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XII. Evaluation of PROCON Test Results 
In order to deliver a finished product, extensive testing was done by 
the knowledge engineer and the'PPC staff. The purpose of this 
rigorous testing was to ensure that PROCON 2.0, in effect, duplicated 
the results of actual consultation sessions between the PPC staff and 
the project manager. The PPC manager analyzed the PROCON test results 
and suggested rule adjustments to fine-tune the knowledge system. 
A. Application 1: 
The first application (Figure 1) used for testing/verifying the 
restructured and enhanced knowledge base was a replacement of an 
automated project control system (batch system, with on-line time 
reporting module), with a comprehensive on-line project management 
system for MIS. The goal statement "Initial assessment of new project 
can be determined" was pursued in order to 1) determine the 
development approach that should be taken, 2) make an assessment of 
the project risk, 3) determine an estimate class which is required for 
project authorization, and 4) reconunend either ESTIMACS or SDM be used 
by the project manager in arriving at a total project estimate. 
The evaluation revealed some minor discrepancies in descriptive words 
for several rule groups that were then changed for consistency and 
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PROCON RESULTS/OBSERVATIONS 
APPLICATION #1: Replacement of autana.ted project control system (batch system with online time 
reporting nX>dule) with a car.,rehensive onl1ne project management system for MIS. 
PR0C0N RESULTS Consistent with 
Expected Results? 
Development Approach 
o Project type is new development 
o Scope/objectives definition is good 
o Size iRl)act is high 
o Project size is large 
o Prototyping should be used 
Project Risk 
o Size risk is high ~~' · Y 
o App·, i cation 1 ogi c Call) 1 ex i ty is average Y 
o MIS coordination inl)act is medium Y 
o MIS coordination Call)lexity is medium Y 
o Risk for all categories cannot be 
detennined 
N 
y 
N 
y 
\' 
N 
OBSERVATIONS/COMMENTS 
Change "good II to "generalized" for consistency/ 
clarity. 
Investigate why purchased software was not 
assessed to be a viable approach. 
Revise sequence of logic for prototyping to 
to first assess user ability to conceptualize 
the system to be developed. 
Need to structure PROCON rules to ensure fall-
fall-through to assess all risk categories. 
.. 
clarity. Also, PROCON ruled out purchase software as a viable 
approach when the BIS PPC manager felt it should be considered. 
Therefore, the sequence of the logic for prototyping was revised to 
first assess the user ability to conceptualize the system to be 
developed. Most importantly, the conclusion "Risk for all categories 
cannot be determined" indicated that there might be a problem with the 
way the project risk rules were structured because not all risk 
categories were evaluated. Additionally, a determination of the 
estimate class was not made, indicating a potential problem in the 
link to this goal since an estimate class could be determined if the 
goal was pursued separately. 
B. Application 2: 
The second application (Figure 2) used for testing was a cost control 
management module (on-line) for operations and maintenance management 
systems. These results confirmed that a serious problem existed in 
the project risk rule structure since only two risk categories (size 
and complexity) were even evaluated. Therefore, rules and 
intermediate goals for project risk assessmment were revised and 
restructured so that the final goal "Project risk can be determined" 
and all intermediate goals for risk categories, could be concluded. -
Also, this case confirmed that there was a problem in the link to 
determine an estimate class, since again a classification could not be 
made during an initial assessment. 
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PROCON RESULTS/OBSERVATIONS 
APPLICATICN #2: Cost control management nndule (on-line) for operations and maintenance 
management systems. 
PR0C0N RESULTS Consistent with OBSERVATIONS/COMMENTS 
_________________ Ex_pe __ c_t_ed_R_e_s_u_l t_s_? _____________________ _ 
Development Approach 
o Project type is new development 
o Size ifl1)act is high 
o Project size if large 
o Type of processing online 
o Application is suitable for prototyping 
o User attitude toward HIS is good 
o User organization is receptive to 
prototyping 
o MIS team experience is conducive 
to prototying 
o Prototyping should be used 
Project Risk 
o Size risk is high 
o Application logic C<Jl1)lexity is 
Slfll)le 
o Dependency i~act is none 
o HIS coord1nat1on in1)act is low 
o MIS development team is centralized 
o MIS coordination CaTl)lexity is low 
o Risk for all categories cannot be 
detennined 
y 
y 
y 
N 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
N 
Correctly by-passed purchased software as viable 
approach; should investi9ate why evolutionary 
development was not feasible. 
Based on assurrption that estimated MIS effort 
will exceed 3000 work-hours. 
Need to structure PROCON rules to ensure 
fall-through to assess all risk categories. 
C. Application 3: 
. 
The third application (Figure 3) was used primarily for testing the 
risk assessment revisions. 'Ibis was a project of major enhancements 
to an existing on-line database application. Tilis test case verified 
' . 
that all problems had been corrected 1n these revisions, as all five 
risk categories were evaluated and the conclusions were consistent 
with expected results. This test case also verified that all three 
goal statements ("Development approach can be determined", "Project 
risk can be determined", and "Estimate classification can be 
determined") had been successfully linked and concluded for an initial 
assessment. Since the project size was determined to be small PROCON 
... 
recommended that the SDM Estimating Worksheet for small projects 
should be used to develop the preliminary total project estimate and 
since ESTIMACS was not reconunended "Estimating tools/techniques can be 
determined" was not pursued. 
D. Application 4: 
The fourth application (Figure 4) was a Field Inventory Management 
module (on-line) developed for an existing system and was used for 
evaluating the performance of the final revisions (within the scope of 
this thesis) to PROCON. Again an initial assessment was made by the 
project manager to·determine a development approach, project risk and 
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PROCON RESULTS/OBSERVATIONS 
APPLICATION #3: Major enhancements to an existing online, data base application. 
PROCON RESULTS 
Development Approach 
o Project type is enhancement 
o Traditional SOM should be used 
Project Risk 
o Size risk is low 
o Ccfll>lexity risk is low 
o Structure risk is low 
o Technology risk is low 
o Organizational inl)act risk is 1ow 
Estimate Classification 
o Estimate classification is Class 3 
Conslstent wlth 
Expected Results? 
y 
y 
y 
y 
y 
y 
y 
y 
OBSERVATIONS/COHMENTS 
Project size is small; size/duration i"l)act is low. 
Application logic is si""le; project dependency iOl)act is none; interface ifT1)act is low; MIS development team is centralized. 
Scope/objectives definition is thorough. 
HIS team experience with technology is good; hard-ware/software i"l)act is low. 
User attitude toward MIS is good; user procedural change is not required. 
System attributes (inputs/outputs/files) are designed (specific layouts); batch programs 
are designed (program specs). 
,1 
. 
~ 
an estimate class. The PROCON results were evaluated by the PPC 
.... 
manag~r for accuracy and determined to be consistent with expected 
.. 
results. '!be following narrative is a summary and explanation of 
these results . 
• 
Determination of development approach -
• 
Since the effort was determined to be greater than 750 work-hours 
PROCON recommended the use of Goal 4.0 for assistance in prP.paring to 
develop a total project estimate during an ESTIMACS session. 'Ibe 
percentage of new functionality this module contributed to the 
existing system was estimated to be 80 percent, therefore the project 
was determined to be new development <>=50%) and not an enhancement 
((50%). With PROCON determining that "the application is suitable for 
prototyping", "the user organization is receptive to prototyping", and 
"MIS team experience is conducive to prototyping", PROCON was able to 
conclude with 90 percent confidence that Prototyping should be used as 
the development approach. 
Assessment of project risk -
Because the project size and size impact were determined to be 
"medium", PROCON concluded with 85 percent confidence that size risk 
was also "medium". With a confidenc~ of 75 percent for "MIS 
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coordination impact" and 67 percent for "MIS coordination complexity", 
both being high, PROCON was only able to conclude with 50 percent 
confidence that "complexity risk is high" even though the "interface 
impact is high" (an interface with 3 existing systems). Due to a 
thorough definition of the scope and objectives for this project, as 
well as a good definition of the current business environment, the 
structure risk was determined to be "low" (with 75 percent 
confidence). Since a lot of inventory management software already 
exists, and the project manager assessed the technology to be 
relatively old, the "technology risk" was determined to be low (with 
100 percent confidence). Lastly, the "organization impact risk" was 
determined to be "medium" (with 75 percent confidence) due to the 
"moderate impact changes" users would have on the development of the 
project. Thus, with widely varying confidence levels with which the 
five risk categories were concluded, PROCON was able to conclude with 
,. 
only 67 percent confidence that "project risk" was accurately 
determined. f 
Determination of an estimate class -
Finally, because the project manager at an early stage makes an 
estimate of the approximate numbers of batch programs and system 
attributes (inputs, outputs, and files) for the new system, a Class 1 
estimate can be developed. It should be noted that the module will 
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use in-house developed software and the hardware technology currently 
available at Air Products. 
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PROCON RESULTS/OBSERVATIONS 
APPLICATION #4: Field Inventory Management nodule (on-line) for existing system. 
PROCON RESULTS 
Development Approach 
o MIS effort is not small 
o Project type is new developrrent 
o Size i~act is mediun 
o Project size is mediun 
o Type of processing is online 
o User att1tude toward MIS is good 
o Prototyping should be used 
Project Risk 
o Size risk is mediun 
o Coll>lexity risk is high 
o Structure risk is low 
o Technology risk is low 
o Organization irTl)act risk is mediun 
Estimate Classification 
o Estimate classification is Class 1 
Consistent with 
Expected Results? 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
y 
OBSERVATIONS/COMMENTS 
Estimating recamlendation for larger projects; 
Use PROCON Goal 4.0 for ESTIHACS assistance 
Application is suitable for prototyping 
User organization is receptive to prototyping; 
HIS team experience is conducive to prototyping 
Interface irl1)act is high; HIS coordination 
irll)act is high; HIS coordination CCJTl)lexity is 
hi h 
Sc~/objectives definition is thorough; 
Business environment definition is good; User 
understanding of information systems is 900d 
Technology experien~e of MIS project team 1s 
good; Hardware i"l)act is low 
User procedural change is feasible (moderate 
irTl)act) 
System attributes are estimated in approx. 
nunt>ers of programs; batch programs are 
estimated in approx. nunt>ers o~ programs 
IV. Expanding PROCON for the Future 
The current version of PROCON (release 2.0) is a functioning project 
planning and estimating consultation knowledge system that is being 
used routinely by the PPC personnel in their consultation sessions 
with project managers. Originally, as part of this release of PROCON, 
it was the desire of the BIS PPC manager to include a preliminary 
function point analysis. 
Function Point Analysis (FPA) has been adopted by BIS as the 
productivity measurement technique for assessing the relative 
productivity of the system development efforts undertaken within the 
organization. Based upon a concept developed by IBM, Function Point 
Analysis attempts to determine the "function value" delivered by a 
given application by analyzing the external attributes connnon to all 
applications (i.e., the inputs, outputs, files and inquiries). The 
process involves defining these externals, applying weighting factors, 
and computing a dimensionless number, referred to as "function 
points". The results of FPA can be used as a technology-independent 
measurement to assess and compare system development productivity over 
time (1). 
Because function points are determined quantitatively INSIGHT version 
1.2 was not the appropriate tool for this application since this 
41 
release handles no computation. Secondly, function point analysis 
. 
does not lend itself to the production rule format of INSIGHT version 
1.2. It is therefore envisioned that PROCON will be converted and 
upgraded to INSIGHT, version 2.0 ..... This release will perform 
.. 
' 
computations and therefore makes ·the inclusion of function point 
analysis possible. Furthermore, function point analysis is geared 
toward the last half of the project as op~osed to the planning and 
estimating processes which are done in the beginning of the project 
development process. Therefore, even a high-level determination of 
function point analysis was viewed as beyond the current scope of 
PROCON (release 2.0) and was not a logical fit to the knowledge system 
at this time. 
Organizational Change Impact deals with identifying how ready user 
management and end-users are for a new application, and the extent of 
change in the job environment of the users. Measuring the receptivity 
of users is purely subjective and can only be assessed by in-depth 
discussions with management and key users. The extent of change in 
the job environment can be assessed by examining the following 
factors: 
o Newness of the technology to the user organization 
o Change in the supervisor's job 
o Change in the organization structure 
42 
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o Changes in tasks and work flow 
o Changes in measurement ( productivity, performance, etc.) 
policies, procedures 
o Changes in working culture and expectations 
A methodology for dealing with organizational change impact can be 
applie~ by senior management that makes it possible for a system to be 
a business success as well as a technical success, which is not always 
the case. There are ways to increase the likelihood that new systems 
will be fully utilized. There are four essential steps in this 
methodology: 
1) Preparing an "Organizational Impact Statement", consisting of an 
assessment of the overall organizational climate and context for 
change due to new information technology, and an assessment of the 
gap between current and required forces on user work behavior. 
2) Selecting an initial Strategy for organizational change which specifies 
the roles of senior management and the kind of implementation plan 
that are appropriate in light of the Organizational Impact Statement. 
3) Developing and following an "Organizational Implementation Plan", 
consistent with the initial Strategy, and following through to 
implementation and post-implementation audit. 
43 
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4) Periodically modifying the Strategy and the Plan as required to suit 
changes in systems development and changes in context and user gap 
which may arise (10) •. 
Organizational Change Impact Analysis was viewed as feasible for 
inclusion in PROCON, though beyond the scope of this thesis. Tilis 
. 
topic will be addressed in future research. 
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XIV. Summary 
Tile development and implementation of PROCON demonstrates the business 
potential for small knowledge systems that centralize and store the 
accumulated knowledge and experience of one or more domain experts in 
project planning. In addition, it has improved the consistency and 
availability of project management knowledge, has increased the 
awareness and experience of knowledge systems concepts, and provided 
the opportun~ty to ?Ssess the future role of BIS in deyeloping 
knowledge systems for users. 
'Ille use of PROCON and the relative ease of its development, will likely 
encourage the rapid utilization of this technology in the future with 
respect to productivity improvements in other procedural and clerical job 
functions. 
Experience with PROCON is needed to fully recognize the potential 
enhancements and refinements that can be made to increas,e the 
functionality and the value of the existing functions. Knowledge 
systems relating to Function Point Analysis and Organizational Change 
Impact Analysis are planned for future research. These will be 
developed using the updated and more powerful version of INSIGHT 
(release 2 Plus) and integrated with PROCON resulting in a more 
sophisticated project management tool. 
45 
XV. Location of PROCON 2.0 Knowledge System 
This application is located on the PC in the Project Planning and 
Control group, Management Information Services, Administration 
Building V, Air Products and Chemicals, Inc., Allentown, Pa. 
Also in compliance with thesis preparation guidelines, the 
following: 
a. two PROCON system object code diskettes, 
b. two PROCON source code diskettes, 
c. PROCON program source listings, 
are on file in the office of thesis advisor: 
Professor John C. Wiginton 
Department of Industrial Engineering 
267c Packard Laboratory 19 
Lehigh University 
Bethlehem, Pa. 18015 
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Appendix A. 
I 
Project Estimating Questionnaire 
The purpose of this questionnair~ is to gather infor~ation about 
project estimating prc~edures being used currently as well as 
suggestions for improvements in the estimating process. Your feedback 
will be used in the development of a "knowledge system", the subject 
of my thesis. Please take a little time to jot down some pertinent 
information before the interview. I appreciate your time and effort. 
1. Which of the tools/techniques listed below have you used to 
prepare and communicate estimates? 
Estimate Classification Nomenclature 
ESTIMACS 
SDM/70 
Peer Reviews 
Other (please explain) 
2. For each of the tools you have used, list the strengths (i.e. e8sy 
to use, estimates were the same as actual cost, etc.) and 
weaknesses (i.e. confusing, difficult to use, time consuming, 
etc.) of the procedure. 
Estimate Classification 
Nomenclature 
ESTIMACS 
SDM/70 
Peer Review 
Other 
Str,~ngths 
3a. Did you find the tool/technique successful? 
Estimate Classification Nomenclature 
ESTIMACS 
SDM/70 
Peer Review 
Other 
ft' .. ... , .... 
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Weaknesses 
Yes No 
,, 
b. How did you measure this success? (i.e. The estimates 
approximated the actual project cost. In other words the project 
was completed on time with very little or no overtime.) 
4. How would you improve the tools/techniques listed below? 
Estimate Classifi~ation Nomenclature 
ESTIMACS 
SDM/70 
Peer Review 
Other 
5. What difficulties have you had with the tools/techniques? (i.e. 
Could not get management support for the tool/technique.) 
6. What difficulties have you had with making your users understand 
the estimates? (i.e. Users could not relate to class 1 estimates, 
etc.) 
7. If you used a tool or technique to prepare estimates, have you 
been able to gain user/MIS acceptance for the estimates? 
• 
If not, which tools or techniques were not accepted? Please 
explain.(i.e. The estimates from Estimacs seemed to be high and 
the users questioned the value of the package.) 
Estimate Classification Nomenclature 
ESTIMACS 
SDM/70 
Peer Review 
Other 
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Appendix 8. 
ESTIMACS DEVELOPMENT EFFORT ESTIMATOR WORKSHEET I ; 
DATE: RECOMMENDED PHASE FILE: 
PROJECT NAME: ESTIMACS FILE NAME (8 CHAR): 
ANSWERS 
---
---
---
---
---
QUESTIONS & COMMENTS 
1. NUMBER OF COMPANY FUNCTIONAL ORGANIZATIONS 
2. NUMBER OF COMPANY LOCATIONS 
3. NUMBER OF lOO(S) OF PEOPLE IN THE 
ORGANIZATIONS INVOLVED 
4. TO THE DEVELOPER IS THE APPLICATION 
COMPLETELY NEW (30) 
FAMILIAR (15) 
VERY FAMILIAR ( O) 
5. WAS THE PROJECT OBJECTIVES ANALYSIS 
THOROUGH (O) GOOD (10) WEAK (20) 
6. WILL THE COMMUTING BE 
NORMAL(O) SIGNIFICANT(S) MOVES NEEDED(lO) 
7. STAFFING WILL BE BY 
DEVELOPER" (O) DEVELOPER AND USER (10) 
8. HOW MANY PHYSICAL PERSONNEL MOVES ARE 
NEEDED? 
51 
I 
---
FIRST FACTOR RESULTS FROM ESTIMACS WILL INDICATE HOW 
ORGANIZATIONAL FACTORS ARE IMPACT.ING YOUR TOTAL ESTIMATE 
9. NUMBER OF MAJOR SUBSYSTEMS 
10. NUMBER OF EXTERNAL INPUTS 
l 
11. NUMBER OF EXTERNAL OUTPUTS 
12. NUMBER OF MASTER FILES 
13. NUMBER OF ON-LINE INQUIRY TYPES 
. . 
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14. HOW WILL THE USER'S DP KNOWLEDGE IMPACT 
--- THE PROJECT 
HELP (O) HINDER (10) 
15. DOES THE USER ALREADY PERFORM THE PROPOSED 
--- BUSINESS FUNCTION? 
NO (10) YES (O) 
16. IF YES, ARE THEY AUTOMATED? 
--- NO (6) YES (O) 
17. IS THE SYSTEM THE FIRST OF ITS KIND? 
--- NO (O) YES (10) 
18. IS THE HARDWARE/SOFTWARE ENVIRONMENT 
--- COMPLEX (10) AVERAGE (S) SIMPLE (O) 
19. IS SYSTEM AVAILABILITY 
--- CRITICAL (8) IMPORTANT (4) NORMAL (O) 
20. ANY SPECIAL BACK-UP CONSIDERATIONS 
--- NO (O) YES (6) 
21. ANY SPECIAL RECOVERY CONSIDERATIONS 
--- NO (O) YES (6) 
22. ARE DATA TRAFFIC LOAD OR PERFORMANCE CRITICAL 
--- NO (O) EITHER (10) BOTH (20) 
23. IS THE APPLICATION 
--- BATCH (O) ON-LINE (10) REAL-TIME (20) 
24. THE PROCESSING LOGIC IS 
--- SIMPLE (O) AVERAGE (15) COMPLEX (30) 
25. EXCEPTION CORRECTION WILL BE 
--- MANUAL (O) AUTOMATED (20) 
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DP.TE: 
Appendix C. 
ESTIMACS ENHANCEMENT EFFORT ESTIMATOR WORKSHEET 
(MAINTENANCE)' 
RECOMMENDED PHASE FILE: 
PROJECT NAME: ESTIMACS FILE NAME (8 CHAR): 
ANSWERS 
---
---
---
---
QUESTIONS & COMMENTS 
1. NUMBER OF COMPANY FUNCTIONAL ORGANIZATIONS 
2. NUMBER OF COMPANY LOCATIONS 
3. NUMBER OF USER REPRESENTATIVES INVOLVED 
4. TO THE MAINTENANCE TEAM 
COMPLETELY NEW, 
FAMILIAR, 
VERY FAMILIAR 
IS THE SYSTEM 
(30) 
( 15) 
( 0) 
5. IS AGREEMENT ON THE SYSTEM CHANGES 
GOOD (O) OR WEAK (20)? 
6. WILL THE COMMUTING.BE 
NORMAL ( O) 
SIGNIFICANT ( 5) 
MOVES NEEDED (10) 
7. STAFFING WILL BE THE MAINTENANCE GROUP 
ALONE (O) ANDQUSER (5) 
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8. HOW MANY PHYSICAL PERSONNEL MOVES ARE 
--- NEEDED? 
~~~~ FTRST FACTOR RESULTS FROM ESTIMACS WILL INDICATE HOW 
ORGANIZATIONAL FACTORS ARE IMPACTING YOUR TOTAL ESTIMATE 
THE FOLLOWING QUESTIONS, 9-13, ARE RELATED TO FUNCTIONS, 
INPUTS, OUTPUTS, MASTER FILES AND INQUIRIES. EACH QUESTION 
ADDRESSES: 
o ADDITIONS 
o DELETIONS 
o MODIFICATIONS; PERCENTAGE OF MODIFICATION 
9. NUMBER OF FUNCTIONS TO BE 
ADDED 
DELETED 
MODIFIED 
10. NUMBER OF INPUTS TO BE 
ADDED 
DELETED 
MODIFIED 
11. NUMBER OF OUTPUTS TO BE 
ADDED 
DELETED 
MODIFIED 
12. NUMBER OF MASTER FILES TO BE 
ADDED 
DELETED 
MODIFIED 
13. INQUIRY TYPES TO BE 
ADDED 
' I 
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I 
DELETED 
MODIFIED 
14. HOW WILL THE USER'S DP KNOWLEDGE IMPACT 
THE PROJECT 
HELP (O) HINDER (10) 
15. DO ANY OF THE CHANGES EMBODY NEW BUSINESS 
FUNCTIONS? 
NO (O) YES (10) 
16. HAVE ANY OF THE CHANGES BEEN AUTOMATED 
BEFORE? 
NO (6) YES (O) 
17. EXISTING DOCUMENTATION IS 
GOOD (O) POOR (lO) NONE EXISTS (20) 
1rlrln~ THE REMAINING QUESTIONS ARE TARGETED AT DETERMINING 
SIGNIFICANT OPERATIONAL CHANGES IN THE SYSTEM. 
---
---
---
---
18. WILL THE OPERATIONAL ENVIRONMENT CHANGE 
YES (10) NO (O) 
19. WILL THE REQUIREMENTS FOR SYSTEM 
AVAILABILITY INCREASE 
YES (8) NO (O) 
20. ANY NEW SPECIAL BACK-UP CONSIDERATIONS 
NO (O) YES (6) 
21. ANY NEW RECOVERY CONSIDERATIONS 
NO (O) YES (6) 
22. ARE NEW LOAD OR PERFORMANCE CONSTRAINTS 
NO (O) YES (10) 
23. WILL THE CHANGES ADD AN ON-LINE OR REAL 
TIME COMPONENT 
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NO (O) YES (20) 
24. THE LOGICAL COMPLEXITY OF THE EXISTING 
SYSTEM IS 
HIGH (10) AVERAGE (O) 
25. WILL FULLY AUTOMATED ERROR HANDLING BE 
INTRODUCED 
YES (10) NO (O) 
I 
.. 
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BEFORE YOU CAN USE THE ESTIMACS ENHANCEMENT EFFORT ESTIMATOR (ESTIMACS 
M) TO CONSTRUCT AN ESTIMATE FROM THE WORKSHEET DATA YOU MUST KNOW THE 
FOLLOWING INFORMATION: 
ORIGINAL PROJECT DATA: 
NAME OF PROJECT 
ESTIMATED EFFORT (HRS) 
ACTUAL EFFORT (HRS) 
Y OR N 
REQ DEFN 
EXT DESIGN 
INT DESIGN 
PROG DEV 
SYS TEST 
INSTALL 
WAS A REQUIREMENTS DEFINITION COMPLETED? 
WAS AN EXTERNAL DESIGN COMPLETED? 
WAS AN INTERNAL DESIGN COMPLETED? 
WAS PROGRAM DEVELOPMENT COMPLETED? 
WAS THE TEST PHASE COMPLETED? 
WAS THE IMPLEMENTATION PHASE COMPLETED? 
MAINTENANCE (ENHANCEMENT) PHASES: 
REQ DEFN 
EXT DESIGN 
INT DESIGN 
PROG DEV 
SYS TEST 
INSTALL 
Y OR N 
WILL A REQUIREMENTS DEFINITION BE COMPLETED? 
WILL AN EXTERNAL DESIGN BE COMPLETED? 
WILL AN INTERNAL DESIGN BE COMPLETED? 
WILL PROGRAM DEVELOPMENT BE COMPLETED? 
WILL THE TEST PHASE BE COMPLETED? 
WILL THE IMPLEMENTATION PHASE BE COMPLETED? 
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Hardware Requirements: 
... 
o IBM-compatible PC 
o Minimum 128K Memory 
o single disk drive 
Definition of Function Keys 
EXPAND 
MENU 
HELP 
Provides additional information on a topic. 
Will take you to the main menu. 
Provides helpful information on the various 
displays in INSIGHT. 
EXIT Will cause you to exit INSIGHT. 
GO BACK Will return you to where you were before. 
RESTART Will restart INSIGHT. 
PAGE Will display the next page of available answers. 
UNKNOWN Tells INSIGHT to help you fin.d the answer. 
REPORT Takes you to the report menu. 
CONTINUE - Press this key when you are ready to continue. 
These options which are displayed at the bottom of the screen are 
selected by pressi1~g function keys (Fl ... FlO) on the PC keyboard. 
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Description of the MENU 
LOAD A KNOWLEDGE BASE FROM DISK - Allows you to load a knowledge base 
from disk which gives INSIGHT access to information needed to assist 
you in searching for an answer. 
START/ RESTART INSIGHT - Will rerun the knowledge base currently in 
memory. 
SEARCH FOR AN ANSWER - Will enable INSIGHT to begin a broad search of 
the knowledge base in an attempt to find an answer. This is INSIGHT'S 
default mode and is the mode INSIGHT will operate in when you first 
start the program. 
PURSUE A SPECIFIC GOAL - Will limit INSIGHT'S search to a narrow line 
of specific reasoning. This will allow you to see all the 
prerequisites for reaching a specific goal. 
PRINT A REPORT - Will allow you to select whether to send the session 
report to the printer or to display the report to the screen. The 
report contains all of the activity and realizations to date in the 
current consultation session. 
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Description of the Display Menu 
Tilis display menu of possible conclusions is called a goal display. 
If you have a particular topic of interest you can narrow the list of 
possible conclusions INSIGHT will hypothesize on by moving the 
highlighted field with your cursor arrows or space bar to the goal of 
• 
your choice and pressing ENTER. If you are undecided on a particular 
topic you would select the UNKNOWN key. INSIGHT would question you in 
an attempt to get sufficient information to allow a conclusion to be 
reached. If you selected a goal with no supporting information 
contained in the knowledge base, INSIGHT knows no more than you do and 
will go directly to the conclusion display. 
Explanation of PROCON Goal Statements 
"Initial assessment of new project can be determined" takes the user 
through a determination of Development Approach, assessment of Project 
Risk, determination of Estimate Classification and a high-level 
determir1ation of the goal statement "Estimating 
tools/techniques can be determined". 
"Development approach can be determined" takes the user through a line 
of questioniag to help select a recommended development approach for 
the information system being developed. 
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"Project risk can be determined" takes the user through a line of 
questioning assessing five areas of risk (size, structure, complexity, 
technology and organizational impact) associated with the development 
effort. 
"Estimating tools/techniques can be determined" takes the user through a 
series of displays explaining the 25 ESTIMACS questions that will be 
asked by ESTIMACS for development projects, or ESTIMACS M for 
enhancement projects. Worksheets are available for the user to 
document answers and assumptions for each question. 
Estimate classification can be determined takes the user through a 
line of questioning that will determine and explain the estimate 
classes (Planning, Class 1, Class 2 or Class 3). This classification 
is a requirement on Project Authorizations. 
Description of CONFIDENCE 
CONFIDENCE refers to the degree of confidence that a given conclusion 
is true. These levels and the numeric probabilities INSIGHT assigns 
to them are: 
Confident it is true 
Possibly true 
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= 100 
- 75 
Not sure 
Possibly false 
Confident it is false 
= 50· 
= 25 
= 0 
'· 
The assigrunent of confidence to an answer allows INSIGHT to reason 
with unsure or "fuzzy" knowledge, much as we do in real life. 
Explanation of Value Information Queries 
The value information query asks you to provide a numeric value in 
response to a question. The numeric data you enter is compared by the 
inference system to values provided by the knowledge engineer and 
other related numeric data you have given to INSIGHT. INSIGHT will 
accept integers and floating point decimals as numeric input. 
example: 
IN ORDER TO FIND OUT IF : 
project type is new development 
WHAT IS: 
percentage of new functionality? 
r· 
,J 
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'Ille class query presents a list of choices and asks you to select the 
item or attribute that best describes something. By selecting one 
item from the list you eliminate the possibility of the other items 
being true. If you could not determine which item from the list best 
described the fact in question you could press the UNKNOWN function 
key. 'nlis will cause INSIGHT to try and deduce which item it could be 
by referring to rules in the knowledge base. For example: 
IN ORDER TO FIND OUT IF: 
batch programs are estimated approx. numbers of pgms 
SELECT WHAT BEST DESCRIBES: 
batch programs. 
unknown 
estimated approx. numbers of pgms 
listed by name/function 
designed (program specs) 
Description of ESTIMACS Displays 
If the user is pursuing the goal statement "Estimating tools/ 
techniques can be determined", there will be preliminary questions in 
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the PROCON format followed by, if it is determined through questioning 
that ESTIMACS should be used, displays of the actual ESTIMACS or 
ESTIMACS M questions. Tile following is a typical ESTIMACS screen: 
2. NUMBER OF COMPANY LOCATIONS 
Identify the number of physical locations that require travel for 
information gathering or actual development work. 
o if the proposed project will take place at any location in the 
vicinity of the Trexlertown complex, the response to this 
question should be zero. 
~nter your answer and list your assumptions on the ESTIMACS 
Development Effort Estimator Worksheet. 
The question is first stated exactly as the user will see it during an 
ESTIMACS session and then explained. Using the appropriate worksheet 
(see Carol Keene), fill in the answers and assumptions made in 
reaching the answers. 
Description of Conclusion Display 
When INSIGHT reaches a final goal or conclusion, 1n its search for 
your answer, it presents the conclusion display. The conclusion 
display is a summary 0f all the selected topics, intermediate and 
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final conclusions resulting from a session with INSIGHT. nie final 
conclusion is the item from the goal menu that INSIGHT determined to 
best fit the information you provided. Intermediate conclusions are 
those resulting from the individual rules leading to the final 
conclusion. 
In some cases, INSIGHT cannot reach a conclusion and will display 
"Insufficient information to reach a conclusion". What this means is 
that INSIGHT could not verify any hypothesis from the initial goal 
list when you failed to choose one by entering UNKNOWN in response to 
the goal selection query. INSIGHT may have reached some intermediate 
conclusions but was unable to sufficiently differentiate between the 
goals to permit the selection of a final conclusion. 
Description of Report Menu 
At any time during a session with INSIGHT, you can request a report. 
From the conclusion display, depress the REPORT function key(F3). You 
will be asked to select the screen or the printer to receive the 
report output; select SCREEN in order to review the report on your 
• 
screen. If the report contains more than one page, depress the PAGE 
function key (Fl) to continue your review. Insight reports trace the line 
of reasoning used by INSIGHT as well as the user's selections and 
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entries through each display encountered during the session. Tile 
reports will contain key phrases that indicate INSIGHT'S logic. 
IN ORDER TO FIND OUT IF: 
These are the hypotheses INSIGHT is pursuing . 
BY USING THE RULE: 
INSIGHT is applying this rule in the pursuit of the previously stated 
hypothesis. 
IT IS NECESSARY TO FIND OUT IF: 
INSIGHT required a fact value, or set selection in order to evaluate 
the rule being used to verify the current hypothesis. At each 
iteration of this sequence, INSIGHT will evaluate the state of the 
fact, value, or set relative to the threshold and the line of 
- ----- -- -- ---- -- - -- -- - ------ ~--r--e.asoning-is.. e.ither. terminated_,__ cont i nue9_ .t9 _ g_~ _ _p_~l'."~t1ed ___ or a 
conclusion is reached and the report will state: 
AS A RESULT IT WAS CONCLUDED THAT: 
Reports are valuable summaries of the results of an INSIGHT session. 
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Operating Instructions 
To Startup PROCON: 
1. Type INSIGHT at the C prompt (C>) and press ENTER. 
2. INSIGHT is waiting for you to give it access to PROCON. 
The following display will appear on the screen: 
LOAD A KNOWLEDGE BASE 
Enter name of the knowledge base 
• 
• 
3. Type PROCON2 and press ENTER. 
4. The followir1g title display will appear on the screen: 
* * * *******WELCOME TO PROCON * * * * * * * * * * 
THIS TOOL HAS BEEN DESIGNED TO ASSIST PROJECT MANAGERS 
------
- - - ----
- - - - ----
--- -- --
--
IN THE PROJECT PLANNING AND INITIATION PROCESS 
I. TO DETERMINE WHICH TYPE OF DEVELOPMENT APPROACH TO 
USE FOR A GIVEN SYSTEM DEVELOPMENT EFFORT. 
II. TO ASSESS THE DEGREE OF PROJECT RISK INVOLVED. 
III. TO DETERMINE APPROPRIATE ESTIMATING TOOLS/TECHNIQUES. 
IV. TO DETERMINE MIS ESTIMATE CLASSIFICATION. 
---- - --
---- -- -
5. Press the CONTINUE function key (F2) or press ENTER to continue. 
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6·. The following display will appear on the screen: 
CAN YOU NARROW DOWN THE AREA OF INTEREST? 
Initial assessment of new project can be determined 
Development approach can be determined 
Project risk can be determined 
Estimating tools/techniques can be determined 
Estimate classification can be determined 
(Refer to Description of the Display Menu for further explanation). 
7. Press the MENU fu~ction key (FS). 
8. The following display will appear on the screen: 
WHAT WOULD YOU LIKE TO DO? 
Load A Knowledge Base From Disk. 
Start I Restart INSIGHT. 
Search For An Answer. 
Pursue A Specific Goal. 
Print a Report. 
(Refer to Description of the MENU for further explanation). 
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NOTE: To select an item from the menu use the UP and DOWN ARROW keys 
to move the reverse video selection field. When the item you 
wish to select is highlighted press the ENTER key. 
9. Move the cursor to "Pursue A Specific Goal" and press ENTER. 
10. This will take you back to the list of goal statements (see #4). 
11. Now select which goal you wish to pursue by moving the cursor and 
press ENTER. 
12. The following display is a typical PROCON screen: 
IN ORDER TO FIND OUT IF: 
system attributes are designed (specific layouts) 
SELECT WHAT BEST DESCRIBES: 
system attributes. 
unknown 
estimated in approx. numbers 
listed by name/type 
designed (specific layouts) 
71 
The first part of a PROCON question informs the user of what line of 
reasoning PROCON is pursuing. Tilis is followed by a statement 
instructing the user to either select an answer or provide one. The 
user makes a selection by moving the cursor to the desired option and 
pressing ENTER. A value is provided by typing the number and pressing 
ENTER. 
13. The next screen to appear will prompt the user for the amount of 
confidence you have in the answer to the previous question. For 
example; 
IN ORDER TO FIND OUT IF: 
project type is new development 
HOW CONFIDENT ARE YOU THAT: 
percentage of new functionality= 80.00000? 
Confident that it is true 
Possibly true 
Not sure 
Possibly false 
Confident that it is false 
14. Move the cursor to the selection and press ENTER. 
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Finishing a PROCON Session: 
' 
15. At the end of a PROCON session conclusions that have been reached 
will be displayed along with the percentage of confidence that it 
is true based on the answers given to the questions leading to the 
conclusions. An example of PROCON conclusions follows: 
ESTIMACS should be used. 100% CONFIDENCE 
project type is new development. 100% CONFIDENCE 
ESTIMACS Development Effort Estimator should be used. 100% CONFIDENCE 
SELECT PURCH SW(NO VENDOR MODS) PHASE FILE. 100% CONFIDENCE 
ESTIMACS development questions will be addressed. 100% CONFIDENCE 
Estimating tools/techniques can be determined. 100% CONFIDENCE 
(Refer to Description of Conclusion Display for further explanation). 
17. If there is more than one page of conclusions the PAGE function 
key (Fl) can be used to page forward. 
18. To print a hard copy of the conclusions for review by the PPC 
press PRT Screen for each page of conclusions. 
19. If the conclusions reached seem unreasonable an audit trail can 
be run enabling the PPC to follow the line of reasoning and 
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interpret the results. To run the audit trail press the REPORT 
function key (F3). PROCON will ask if the user wants the report 
run to the screen or the printer. Select the appropriate 
function key. 
20. To exit PROCON press the EXIT function key (F7). PROCON will ask 
"Are you sure you want to exit". Press the function key for YES 
(Fl) to exit INSIGHT . 
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